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Outline

‣ Extraneous agent testing for vaccines: evolution of the Ph. Eur.

‣ Vaccines for human use
‣ Drivers for revising Ph. Eur. requirements
‣ Evolution of Ph. Eur. 5.2.3 & 2.6.16
‣ The concept of Substitution to replace in vivo methods as described in Ph. Eur. 5.2.14

‣ Vaccines for veterinary use
‣ Drivers for revising Ph. Eur. requirements
‣ Evolution of Ph. Eur. chapters for veterinary vaccines
‣ New Approach brings opportunities & benefits
‣ Support to stakeholders in a nutshell

‣ High Throughput Sequencing for the detection of extraneous agents

‣ Conclusion
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Extraneous agent testing: Evolution of the 
Ph. Eur.

‣ Vaccines for human use
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Drivers for changing extraneous agent testing (human vaccines) 

• Contamination of a Rotavirus vaccine by Porcine Circovirus (2010) 
• Victoria et al. (Journal of virology): results showed the presence of PCV1 viral sequences using a 

new high throughput molecular biology method (MPS)

• Emergence of broad molecular methods for extraneous agent detection

• Revised WHO TRS 978 Annex 3 “Recommendations for the evaluation of animal cell cultures 
as substrates for the manufacture of biological medicinal products and for the characterization of cell 
banks” (2010-2013) 

• Risk assessment strategy and new methodologies (e.g. NGS)

• Convergence with FDA Guidance for Industry (2010) on testing methodologies

• 3Rs context in Europe: 
• European Convention for the Protection of Vertebrate Animals used for Experimental and Other 

Scientific Purposes (Council of Europe), EU Directive 2010/63/EU

6 © EDQM, Council of Europe, 2022. All rights reserved.

• EDQM survey (2012) with Vaccine Manufacturers and CROs regarding contamination 
cases over a period of 10 years 

• Publications* highlighting gaps in compendial tests:
• Evaluation and comparison of the sensitivity of current testing packages for detection of 

extraneous agents  poor sensitivity of in vivo methods, gaps in testing packages  

*J Gombold et al. Systemic evaluation of in vitro and in vivo adventitious virus assays for the 
detection of viral contamination of cell banks and biological products (Vaccine) 2014 

*R Sheets and P Duncan, in Vaccine Analysis: Strategies, Principles, and Control, Springer-
Verlag Berlin Heidelberg 2015 

of Ph. Eur. requirements!

Drivers for changing extraneous agent testing (human vaccines) 
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Evolution of Ph. Eur. chapters for human vaccines

‣ Revision of chapters 5.2.3 & 
2.6.16

‣ Elaboration of chapter 5.2.14 
(concept of Substitution)
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5.2.3 Cell substrates for the production of vaccines for human use

• Scope: diploid cell lines and continuous cell lines used as cell substrates for the 
production of vaccines

• Chapter 5.2.3 revised in 2017 (Suppl. 9.3) to 
introduce the risk assessment, allow the use of 
broad molecular methods (e.g. HTS), and remove 
an in vivo test (test in adult mice)

• Extraneous agents: testing strategy is to be based on a risk assessment         
considering e.g. choice of permissive cells, nature of cell lines (e.g. insect cells), 
cell lines shown to express endogenous retroviral particles, 
in vivo tests to be justified if maintained

• A strategy is given in chapter 5.2.3. Alternative strategies could focus 
on more extensive testing of the MCB or WCB
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2.6.16 Tests for extraneous agents in viral vaccines for human use

• Applies to starting materials and substrates used for production and control of 
viral vaccines (virus seed lots, virus harvests, control cells/eggs)

• Chapter 2.6.16 revised in 2017 (Suppl. 9.3) to introduce the risk 
assessment, allow the use of broad molecular methods (e.g. HTS),
and remove two in vivo tests (tests in adult mice, guinea pigs)

• Panel of in vivo and in vitro methods
• Cell culture methods
• In vivo tests (suckling mice, fertilised eggs): to be justified if maintained
• Molecular methods (for specific extraneous agent or broad virus detection)

• Testing strategy (package of suitable tests) is to be built based on a risk 
assessment
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• Chapter elaborated to facilitate the transition to in vitro methods (e.g. 
HTS), applies to human and vet vaccines

• Chapter 5.2.14 provides guidance on how to introduce alternative in vitro
methods, where a head-to-head comparison is not possible

• Envisages the possibility that the relevance and performance of the in vitro 
method be demonstrated without such head-to-head comparison: concept 
of “substitution” as an alternative approach for replacement

• Focus on the scientific rationale behind the in vitro methods and the 
validation package

5.2.14 Substitution of in vivo methods for the QC of vaccines
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Extraneous agent testing: Evolution of the 
Ph. Eur.

‣ Veterinary vaccines

12 © EDQM, Council of Europe, 2022. All rights reserved.

of Ph. Eur. requirements!

Drivers for changing extraneous agent testing (vet. vaccines) 
• move from prescriptive methods to any suitable culture or other fit-for-purpose
method representing current practice and capable of detecting specified extraneous agents (based 
on a list) identified thanks to a risk assessment approach, with a focus on modern in-vitro
methods (for ex. based on nucleic acid amplification technology + allow the use of 
broad molecular methods (e.g. HTS) – chapter 2.6.37 ).

• Strong Commitment of the Ph. Eur. to the 3Rs
• GMP and consistency approach allowing the omission of unnecessary testing 
(risk assessment)

• Covering starting materials of animal and human origin and all materials (master 
seed, substrates – eggs, cells etc) 

• Covering the entire production process, from the sourcing of raw materials to the final 
product stage

• There was also a general reflection on EA testing at EU and international level 
(VICH)
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Evolution of Ph. Eur. chapters for veterinary vaccines

‣ Revision of chapter 5.2.5
(Management of extraneous agents in IVMPs)
Risk management & compilation of all 
requirements, also includes 2 Annexes 
(I List of EA; II Testing strategy: 
example of a decision tree)

‣Elaboration of chapter 2.6.37 
(Principles for the detection of 
extraneous viruses in IVMPs using 
culture methods) - General principles 
and examples of parameters to be taken 
into account to use fit-for-purpose 
culture methods (manufacturers have to 
check that the method is able to detect what 
they are looking for)

‣ Deletion of chapters 2.6.24 & 2.6.25
These chapters, which contained detailed protocols for testing extraneous agents, have been suppressed from the 
Ph. Eur. on 1st of July 2020, but are still accessible in Ph. Eur. archives https://pheur.edqm.eu/app/arch/search/

Work with all stakeholders: hearings, collaboration with international 
partners e.g. EMA, April 2020 webinar

14 © EDQM, Council of Europe, 2022. All rights reserved.

Evolution of 44 Ph. Eur. texts for veterinary vaccines

‣ Elaboration of chapter 2.6.37
(Principles for the detection of 
extraneous viruses in IVMPs 
using culture methods)

‣ Deletion of chapters 2.6.24 & 
2.6.25

‣ Overall work on 44 Ph. Eur. texts (6 general chapters, 2
general monographs and 36 vaccine specific monographs)

‣ Revision of chapter 5.2.5 (Add  Annex 
I and Annex II)
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New Approach brings opportunities & benefits (vet. vaccines) 
• New approach based on risk assessment allows reduction in testing during 

manufacture and deletion of unnecessary tests for EAs on final product
• Comprehensive requirements for EA testing are centralized in chapter 5.2.5, Ph. 

Eur. now cover all species, this brings more clarity (no duplication, no discrepancies)

• Flexibility to choose any suitable (validated) method to detect possible specific EA 
identified as a risk – fit-for-purpose sensitive techniques reflecting progress in 
science (state-of-the-art)

• Methods no longer described in detail, building in flexibility of approach and allowing
tailoring to individual product needs

• Use of up-to-date and currently used modern methods result in reduction of in vivo 
testing (3Rs) 

• Absence of EA checked during the entire production process
• Coordinated Ph. Eur./EU approach, important also in the context of VICH 
• Better control of the risk of extraneous agents contamination  improve the safety
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Support to stakeholders in a nutshell (veterinary vaccines) 

• Training of assessors via the EU National Training Centre database in October 2019
• Elaboration of a Q&A document by EMA/CVMP/IWP (1st Published in June 2020)

• EDQM event on 1st April 2020, enabling a continued dialogue between Ph. Eur. 
experts, EU regulators and industry (at the start of the confinement) Free e-Learning

• 15V publications available for free

• “What has changed and why” published on Pharmeuropa online 
https://www.edqm.eu/documents/52006/77330/Veterinary-vaccines-E.pdf

• Revision of the technical guide https://www.edqm.eu/documents/52006/66555/Technical-guide-elaboration-use-monographs-vaccines-
immunological-veterinary-medical-products.pdf

• Summary of the webinar (including concrete examples) https://www.edqm.eu/documents/52006/245619/document-summarising-
training-european-pharmacopoeias-new-approach-management-extraneous-agents-ivmps.pdf

https://www.ema.europa.eu/en/questions-answers-management-
extraneous-agents-immunological-veterinary-medicinal-products-
ivmps#current-effective-version-section

https://www.edqm.eu/en/-/training-
live-broadcast-on-the-management-
of-extraneous-agents-in-ivmps
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High Throughput sequencing (HTS) 
for the detection of extraneous agents
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• Ph. Eur. chapters 5.2.3, 2.6.16 & 2.6.37 mention HTS and foresee its use as part 
of the testing strategy for extraneous agents for human & vet vaccines

• However, HTS methods are currently not described in details in any regulatory 
document and no guidance for their validation is available

• The availability of regulatory standards including validation guidelines in the Ph. 
Eur. will serve as a reference for regulators and manufacturers, while:

– HTS is planned to be introduced in the revised ICH Q5A guideline (Viral 
safety evaluation of biotechnology products)

– FDA has recently developed panels of viruses as reference preparations 
for HTS (adopted by WHO ECBS)

Perspectives on HTS
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Elaboration of a Ph. Eur. chapter on HTS

• “High Throughput Sequencing for the detection of 
extraneous agents in biological products (2.6.41)”

• Non-binding general chapter
• Proposed content: description of the technology, 

guidelines for method validation

• Under elaboration by the HTS Drafting Group of 
Ph. Eur. Group of Expert 15 (international group of 
regulators, OMCLs, industry)
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Conclusion
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Conclusion

• The concept of substitution described in Ph. Eur. 5.2.14 can be applied to the 
replacement of in vivo tests for the detection of extraneous agents

• In the Ph. Eur., HTS has been introduced within the testing strategy for human and 
vet vaccines. The future chapter 2.6.41 on HTS will provide a detailed description 
of the technology together with validation guidelines to support industry and 
regulators

 Improvement & modernisation of control strategy for improved vaccine 
safety, progress for 3Rs, target for convergence of requirements

• The Ph. Eur. provides a flexible approach for extraneous agent testing of vaccines, 
that is based on a risk assessment for the specific product and manufacturing 
process & the use of a panel of analytical tools

Stay connected with the EDQM

© EDQM, Council of Europe, 2022. All rights reserved.

Thank you for your attention

EDQM Newsletter: https://go.edqm.eu/Newsletter
LinkedIn: https://www.linkedin.com/company/edqm/
Twitter: @edqm_news
Facebook: @EDQMCouncilofEurope
FAQ & HelpDesk: https://www.edqm.eu/en/faq-helpdesk-ph-eur
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High Throughput Sequencing: 
How could the Ph. Eur. help in the exercise to 
validate HTS methods? 

Outline

• High Throughput Sequencing Technology

• Adventitious Virus Detection in Biologics

• Recent Advancements and Progress in HTS adventitious agent detection

• A New Ph. Eur General Chapter For HTS

• Development in Other Areas

• Summary and Conclusions

- Confidential - 2



High Throughput Sequencing Technology

• High-throughput sequencing (HTS) are technologies that can rapidly sequence 
millions of DNA (or RNA) from a single biological samples.  HTS has quickly 
become an important tool in scientific research, drug development and medical 
diagnostics. 

• Multiple technologies and platforms 
• Read length from a hundreds of nucleotides to 50+ Kb

• Short-reads (e.g. Illumina, Ion Torrent)
• Long-reads technology (e.g. PacBio, Oxford Nanopore)

• Up to 10 billion reads simultaneously

• Direct sequencing of DNA and RNA molecules

• Epigenetics and modified bases

- Confidential - 3

Application of HTS as an Analytical Platform 

• Adventitious agent detection: Detect and identify both known and unknown 
adventitious agents with a high level of sensitivity. 

• Assessment of genomic stability or variants: Detect low frequency variants or 
genomic rearrangements 

• Identity testing: Verification of engineered construct(s) or mutations at multiple loci 
simultaneously.

• Genome characterization: Whole genome sequencing to obtain baseline genomic 
information 

- Confidential - 4
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Adventitious Virus Detection In Biologics

5

Viral Safety Testing Package and Adventitious Virus Testing 
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Live 
infectious 

virus

In vivo animal tests
(mouse, eggs, guinea pig, rabbit)

Direct observation with
in vitro cell cultures or 
infectivity assays

9CFR for materials with Animal 
origin

Test for reverse 
transcriptase (retrovirus)

Transmission Electron 
Microscopy (TEM)

Antibody production 
tests (MAP, RAP, HAP)

PCRs  for 
specific viruses



HTS as an Emerging Technology

• Highlighted that there are gaps in the traditional adventitious virus testing package

• Demonstrated that HTS has the potential to detect and identify both known and 
unknown adventitious viruses.
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• March 2010: Use of HTS detected an unexpected 
adventitious virus in a commercial vaccine.

• May 2010: VRBPAC Meeting 

• Aug 2010: FDA letter to vaccine manufacturers

• March 2010: Use of HTS detected an unexpected 
adventitious virus in a commercial vaccine.

• May 2010: VRBPAC Meeting 

• Aug 2010: FDA letter to vaccine manufacturers

Updates to European Phamacopoeia to include HTS

• Evolution of European Pharmacopoeia
• Ph. Eur. Chapter 5.2.14:  “Substitution of in vivo 

method(s) by in vitro method(s) for the quality control of 
vaccines”, version 9.3 published in July 2017, creation

• Ph. Eur. Chapter 5.2.3: “Cell Substrates for the 
production of vaccines for human use”, version 9:0 and 
updated version 9.3 in July 2017, revision

• Ph. Eur. Chapter 2.6.16: “Tests for extraneous agents 
in viral vaccines for human use”, version 9.3 published 
in July 2017, revision
in vivo tests for adventitious agents only if it 

provides a risk mitigation evidenced by the Viral 
Risk Assessment

• Also updates to other regulatory wording

- Confidential - 8



Other Rationale for the revisions

• 3Rs Directive in Europe:

• NIH publication highlighting the poor 
sensitivity of in vivo methods

• Compared between in vivo and in vitro assays 
using a panel of 16 viruses across 9 viral families

• Only 6 of the 11 that were tested using in vivo 
assays were detected

9

In vivo In vitro

- Confidential -
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Recent Advancements with 
Adventitious Agent Detection by HTS

10



Scientific Advancements 
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Alignment in perspectives

- Confidential - 12



Reference Standards and Database
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How could the Ph. Eur. help in the 
exercise to validate HTS methods? 
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Creation a Ph. Eur General Chapter

• Expert group 15: ”Human Vaccines and Sera” is working towards a new Ph. Eur. 
general chapter on “High Throughput Sequencing for the detection of extraneous 
agents (2.6.41)”

• This chapter will provide details on important considerations when implementing a 
HTS for adventitious virus detection assay and provide guidance on the validation 
of such a method.

• Support the implementation the HTS technology in a GMP environment

- Confidential - 15

Describe different HTS technology and the multiple 
possible approaches 
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• Provide a standardization of critical components that are part of the assay

Topics to be covered:
• Different analysis (Genomics, Transcriptomics, Targeted) and sample types (Cell banks, Viral seeds, Harvest)

Sample 
Preparation

BioinformaticsSequencing Reporting 

• Pre-treatment / Enrichments
• Nucleic acid extraction
• DNA or RNA Library preparation
• Recommend indexing

• Short reads and long reads
• RNA Sequencing
• Appropriate read depth, coverage
• Considerations for multiplexing

• Bioinformatics pipeline
• Removal of expected sequences
• Assembly, mapping, alignment
• Database requirements (i.e. suitable 

breadth of detection)

• Interpretation of results
• Tool-box for Follow-up 

investigations
• Report summary
• Acceptance Criteria



Validation Approach
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• Recommends a modular approach where individual components can be qualified / validated 
separately before validating the entire method 
• Individual elements or parameters can be changed without major impact on overall method validation

• Key elements for method validation 

Sample 
Preparation

Equipment

Bioinformatics

Reporting 

• Unbiased extraction
• Control samples

• Sequencer
• Thermocycler
• Bioanalyzer
• Other Lab equipment

• Software validation
• Curated Database 
• Breadth of coverage
• Data Storge / Archival
• Computing infrastructure

• Follow-up investigations
• Qualitative
• Report summary
• Acceptance Criteria

Opportunity to streamline the method validation

- Confidential - 18

• Validation of a complex method and platform that doesn’t necessarily follow ICH 
Q2

• Breadth of detection (specificity) demonstrated using a few model viruses representing different 
types of viruses
• Minimum characterization requirements for model viruses

• Propose to minimized the number of replicates to two or three runs
• Achieve a balance between cost and demonstrating consistency
• How to demonstrate the equivalency of the results between replicates?

• Validation parameters
• Demonstrating reproducibility for qualitative vs quantitative assays
• Sensitivity and LOD

• Clarification that a head-to-head comparison is not needed to replace in vivo tests



Promote Standardization for the use of HTS
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• Provide the first strategic frame-work for the HTS validation approach

• Clarify regulatory expectation

• Promote the use of the HTS technology in a GMP environment

• Potentially serve as a foundation for evaluating HTS dossier submission 

- Confidential -

HTS in Other Areas

20



Expansion of HTS applications

- Confidential - 21

Expansion of HTS applications

• Gene and Cell Therapy

- Confidential - 22
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Conclusion

23

Summary and Conclusion

• HTS is a technology capable of known and unknown viral adventitious agent in a 
biological samples. 

• Recent achievements and alignment within the community towards the 
implementation of a viral adventitious agent detection by HTS as a GMP 
specification test.

• Drafting of a new Ph. Eur. general chapter will provide a suitable approach 
towards validation of the HTS assay and promote wider adaption of the HTS 
technology

24- Confidential -
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New pyrogenicity strategy
of the European Pharmacopoeia

Dr. Emmanuelle Charton
Head of DivB

European Pharmacopoeia Department
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Assays for pyrogens / endotoxins in the Ph. Eur.

BET (2.6.14) & Guidelines for using the BET (5.1.10)

Pyrogens (2.6.8)
(“Rabbit Pyrogen Test”)

Endotoxin detection
(e.g. LPS from Gram- bacteria)

Pyrogen detection

Pyrogen detection

LAL is a lyophilised amoebocyte lysate obtained from 
the horseshoe crab (Limulus polyphemus or Tachypleus
tridentatus)

Monocyte-activation test
(2.6.30)

2010 1987 1971

2023? 

‣ Monocyte activation test for 
vaccines containing inherently 
pyrogenic components (2.6.40) 
[Draft Phpa 33.3 NEW]

‣ BET using recombinant Factor C (2.6.32) [NEW]

2020 
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Replacement of the Rabbit Pyrogen Test

• Several EDQM conferences (1988, 2011) have been held on the issue

• Chapter 2.6.8. Pyrogens encourages the replacement

• Ph. Eur. has introduced amendments to relevant texts to encourage users to perform in vitro 
tests for the control of pyrogens

MAT

The RPT continues to be widely performed although:

In view of the situation, the complete removal of the RPT from the Ph. Eur. is necessary 
if the aim is to move towards the exclusive use of in vitro tests for the control of 
pyrogens 
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2.6.8. Pyrogens in the Ph. Eur.

• Substances for pharmaceutical use (2034)

• Radiopharmaceutical preparations (0125)

• Immunosera for human use, animal (0084)

General monographs (3) Dosage form monographs (3)

• Parenteral preparations (0520)
• Preparations for irrigation (1116)
• Intravesical preparations (2811)

Individual monographs (50)

• solutions (4)

• blood products (17)

• vaccines for human use (17)

• antibiotics (8)

• other chemical substances (4)

General chapters (3)
Plastics
• Sterile plastic containers for human blood and blood 

components (3.3.4)
• Sets for the transfusion of blood and blood components (3.3.7)
Vaccines for human use
• Carrier proteins for the production of conjugated polysaccharide 

vaccines for human use (5.2.11)

G7

G6B

G15

G12 DIA WP

G9G10D CRB WP

G12

G16

G15

G14

G15

BET WP

60 texts

(Rabbit pyrogen test)
Pyrogens (2.6.8)
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Replacement of chapter 2.6.8: proposed strategy
Consolidated strategy approved by the European Pharmacopoeia Commission in June 2022

2.6.8 in 60 texts of 
the PhEur

Chapters
2.6.14/2.6.32. BET

Chapter
2.6.30. MAT

Risk analysis, 
potential presence of non-

endotoxin pyrogens
Stage of manufacturing process

Decision on a testing strategy
Decision on the limits

New! Chapter 
5.1.13. Pyrogenicity

2.6.8 in 60 texts of 
the PhEur

5.1.13
Pyrogenicity

X

USER

or both

Potential
pyrogens other
than endotoxins
can be ruled out

Exclusion of potential
pyrogens other than

endotoxins not 
possible

12
?

European
Pharmacopoeia

https://go.edqm.eu/NewPyrogenicityStrategy



7 ©2022 EDQM, Council of Europe. All rights reserved.

BET WP 
+ ad hoc experts
Chair of the WP

• 5.1.13 Pyrogenicity
• 2034 Substances for 

pharmaceutical use
• 5.1.10 Guidelines for 

using the test for 
bacterial endotoxins

Activities and actions at the level of GoEs and WPs 
GoE 9 

GoE 14
(Radiopharmaceutical preparations)

GoE 12
(Dosage forms and PT procedures) GoE 16 

(Plastic materials, plastic 
containers and closures)

CRB WP DIA WP

GoE 15
(Vaccines for human use)

GoE 7

GoE 6B
(Human plasma and plasma 

products)

GoE 10D

Texts are being
processed
for Pharmeuropa!

(Antibiotics)

(Inorganic chemistry)

(Carbohydrates) (Dialysis)

(Organic chemistry – (semi)synthetic products)
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BET WP 
+ ad hoc experts
Chair of the WP

• 5.1.13 Pyrogenicity
• 2034
• 5.1.10 

•

Activities and actions at the level of GoEs and WPs 
GoE 9 (Inorganic chemistry)

GoE 14
(Radiopharmaceutical preparations)

GoE 12
(Dosage forms and PT procedures) GoE 16 

(Plastic materials, plastic 
containers and closures)

CRB WP (Carbohydrates) DIA WP (Dialysis))

GoE 15
(Vaccines for human use)

GoE 7(Antibiotics)

GoE 6B
(Human plasma and plasma products)

GoE 10D (Organic chemistry – (semi)synthetic products)

Texts are being
processed
for Pharmeuropa!

More than 50 hours of 
live discusssions in 
plenary meetings of 
Groups of Experts!
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Substances for pharmaceutical use (2034)

Pyrogenicity
(5.1.13)

10 ©2022 EDQM, Council of Europe. All rights reserved.

Individual monographs on substances for pharmaceutical use

The new requirements of 
general monograph 2034 apply
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Parenteral preparations (0520)

Pyrogenicity
(5.1.13)

12 ©2022 EDQM, Council of Europe. All rights reserved.

Plasma-derived products

Pyrogenicity
(5.1.13)

Limits for BET maintained, 
Endotoxin Equivalents(5.1.13)
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Vaccines for human use

+ Revise general 
monograph Vaccines 
for human use (0153)

*monographs will be suppressed from 
the Ph. Eur. as of July 2023 
(Supplement 11.2)

14 ©2022 EDQM, Council of Europe. All rights reserved.

General monograph Vaccines for human use (0153)

[…]
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NOTES ON THE TEXTS
• “It should be noted that the exercise will ultimately lead to the 

suppression of general chapter 2.6.8 from the Ph. Eur. Manufacturers 
still using the rabbit pyrogen test are strongly encouraged to take the 
necessary steps to proceed with its replacement by a suitable in vitro 
alternative (e.g. the monocyte-activation test), in line with the new 
requirements of this general monograph.”

• “Importantly, the revision of this text does not call into question 
strategies involving the test for bacterial endotoxins that are already 
used by manufacturers to control the pyrogenicity of their products and 
have been authorised by the competent authority, nor is it intended to 
prompt a retrospective assessment of pyrogenicity.”

16 ©2022 EDQM, Council of Europe. All rights reserved.

Timelines
WHAT WHO WHEN

Elaboration of Pyrogenicity
(5.1.13) (together with revision 

of 5.1.10)

Jan
2025

2022 Jan
2023

Jan
2026

July

Publication in PhPa Envisaged implementation 
date

Pyrogens
(2.6.8)

2.6.30
2034
0520

remaining texts 

BET WP

BET WP

BET WP
G12 with BET WP support

GoE/WP with BET WP support

April

Jan
2024

July
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June September2021 2022October November May September

   

Communication to stakeholders

NC3R
Workshop

(03/03)

European 
Microbiology 
conference

04/05

PDA Endotoxin 
Workshop
(07/10)

PharmaLab
Conference

(25/11)

March

Project 
started

EPC

Ph. Eur. Groups 
of Experts

June

Strategy 
finalised

EPC

EDQM 11th edition 
Conference
(19-21/09)
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EPAA/EDQM International Public Conference
To mark the first official milestone of the strategy, i.e. the publication 
of revised Ph. Eur. texts omitting the RPT in Pharmeuropa 35.1
(January 2023)

Date: 14-16 February 2023 

Venue: European Commission premises, Brussels
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1. Why is GSK using animal tests

2. GSK´s commitment to shift towards non-animal tests

3. 3R Achievements, future perspectives and challenges 
of pyrogen testing

Agenda

Why is GSK using animal tests
A small but crucial part of the business
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Why is GSK Vaccines using animal tests 
Animal tests are required by compendia for lifecycle vaccines

20 %

R&D

development

Preclinical safety, efficacy, stability testing

Basic research on disease processes

Use of models of diseases to test candidate

80%

QC

market

Mainly for release of lifecycle products

Production and control development

Animal assays are required by WHO and regional Pharmacopeias which are often not aligned

e.g. EDQM has prioritized a substitution where scientifically possible.

The substitution in a biologics license application might therefore be rejected by certain countries 
and can take years due to number of countries involved for each product. 

Laboratory 
animals used 
in vaccines 

RELEASE

STABILITY

PROCESS 
CHANGES
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Impact of in vivo assays in lifecycle vaccines
Animal tests have a disproportionate high impact on release compared to other test

Vaccines

• General safety tests
• Rabbit Pyrogen Test
• Safety (detoxification, 

extraneous agent, etc.) 

Safety / Purity

• Vaccine strain
• Antigen

Identification

• Serological
• Challenge

Potency

Impact

Supply impact by in vivo intrinsic variability (repeats)

Control activities Control cost

Animals used in QC testing

10% 50% >90%

> 100 days

Cycle time in QC testing

• Animal numbers
• Lead time
• Costs

Second testing by NCL

≥X2

Total release leadtime



GSK’s Vaccine commitment to 
shift towards non-animal tests
3R strategy: created to respond to the changing environment
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3R improves the quality of science by addressing animal welfare
Replacement is the first priority

Advancing animal welfare research by exploiting the latest technologies and 
improving the understanding of the impact of welfare on scientific outcomes

REFINE Increased welfare

Development and use of models and tools to address scientific questions 
without the use of animals.

REPLACE Information gathered with a different approach

RPT            MAT  &  BET

REDUCE Animals and information

Appropriately designed & analyzed animal experiments that 
are robust & reproducible & truly added knowledge base

Handling, containment, stress, temperature rise



Current reduction
Projected Reduction

Aug 2022

2025 QC target
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3R & GSK: Prioritize replacement to further reduce animal use by 75% from 2016-2025
Animal use in lifecycle has been already reduced by 75% from 2007 to 2015

Conducting animal studies with high standards
of humane care and treatment is GSK’s moral
responsibility and priority.

Historically refinement had the highest priority.
Having those high animal welfare standards
and the availability of new non-animal-
technologies allows a focus on replacement

3R Portfolio in QC
Replacement 80%
Reduction 15%
Refinement 5%

More information @ GSK web site The 3R at GSK

10EDQM 2022 conference

The RPT is a small but crucial part of GSK 3R strategy to ensure patient safety without animal testing.

>25 Rabbit Pyrogen Test
In the network of >10QC sites

3R & GSK: Animal assays are conducted in Release stability and for process changes
A substitution at all three stages simultaneously is time consuming. 



3R Achievements, future perspectives 
and challenges of pyrogen testing
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Pyrogen detection
Several techniques are available allowing non-animal detection of pyrogens

Non-endotoxin pyrogens 

Exogenous pyrogens

E
n
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s d
etectio

n

LAL: EP 2.6.14
• 1st commercial available endotoxin method 
• Best established and harmonized alternative to the RPT
• Broad acceptance from authorities around the world

• Non-animal-derived reagent that can detect endotoxins. 
• Accepted as equivalent in the E.P.

rFC: EP 2.6.32

• Recognizes pyrogens with a high sensitivity.
• Established in the PEP 
• Mentioned in the Ch.P and USP

• Components from Gram-positive bacteria 
• Yeast and mould
• Virus
• Particles of the environment

Endotoxins

Components from Gram-negative bacteria (LPS)

BET Guideline : EP 5.1.10
Guidelines for using the test for bacterial endotoxins (and MAT)

P
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o
g
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d
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o
n MAT: EP 2.6.30

RPT: EP 2.6.8

• Measure of the rabbit body temperature 
after injection of the product. 

• Former gold standard.P
yr

o
g

en
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d
et

ec
ti

o
n MAT: EP 2.6.30

RPT: EP 2.6.8

• Measure of the rabbit body temperature 
after injection of the product. 

• Former gold standard.
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Rabbit Pyrogen Test will be removed in the EP by 2025
Substitution with non-animal technologies is mandatory in EU (directive 2010/63)

RPT will be an alternative method not described in the EP leaving the European 
manufacturers to ensure patients safety and animal ethics with MAT, rFC, TAL, LAL.

1 Remove and rely on controls at other steps

2 Substitute by the BET test as a release

3 Replace by the MAT test as a release
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Substitute RPT with a risk-based approach
Avoid test duplication and rely on the most effectual test

Lifecycle based on the consistency approach: 

• Based upon the principle that the quality of a biologic is the result of the strict 
application of a quality system and consistent production. 

• Subsequent batches are determined to be similar to clinically evaluated batches 
and therefore acceptable for release

1 Remove and rely on controls at other steps

+C

• Reduced in the manufacturing process
• Tested at intermediate drug product level
• Analyzed by the Supplier and part of the CoA
• Evaluated again at a later manufacturing steps

Pyrogen testing  in 
Incoming Material 
(e.g. Antibiotics)

Pyrogenicity is
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Pyrogen detection method should depend on a risk-based approach
Without the use of RPT

Risk assessment
Pyrogens detection Endotoxins detection

MAT: EP 2.6.30

Exclusion of potential 
pyrogens not clear

NO

Exclusion of potential 
pyrogens other than 

endotoxins

Is there risk under control 
that non-endotoxin 

pyrogens are present

LAL: EP 2.6.14
rFC: EP 2.6.32
BET Guideline : EP 5.1.10YES

2 Substitute by the BET test as a release3 Replace by the MAT test as a release
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Substitute RPT with a risk-based approach
The manufacturing level and overall test schedule of the product needs to be considered as well

• The choice of pyrogen detection strategy should depend on a risk-based approach.

• This should consider lifecycle, manufacture process, technology novelties, QC testing and intrinsic 
pyrogenic characteristics of the product.

• Modern vaccine manufacturers have thoroughly validated controls, specifications and limits 
embedded in a GMP manufacturing process. Contaminants are therefore appropriately controlled.

• The absence of LPS in materials combined with ruling out the presence of non-endotoxin pyrogens 
is a strong indicator to justify the absence of exogenous pyrogens.

Final container
(e.g. Meningococcal 

A,C,W vaccine)

• There is no intrinsic pyrogenicity in the product, or matrix
interference with rFC or BET

• Pyrogenicity is evaluated as a combination of rFC/BET and
further test e.g bioburden sterility and environmental monitoring

2 Substitute by the BET test as a release
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Substitute RPT with a risk-based approach
The manufacturing level and overall test schedule of the product needs to be considered as well

• MAT recognizes all human pyrogens with high sensitivity using human monocytes to mimic fever 
responses to pyrogens in vivo

• Depending on the interleukin-6 (IL-6) response variability, two assays are described:
- Semi quantitative for not inherently pyrogenic substances

- Full quantitative for both inherently pyrogenic and non-pyrogenic substances

• MAT allows validation according to current ICH guidelines

• MAT is established in QC and R&D to ensure a sustainable retirement of RPT in GSK vaccines

Final container
(e.g. Meningococcal 

B vaccine)

Endotoxin test is not applied.
Instead, MAT is the method of choice due to

• The intrinsic pyrogenicity of the product
• Matrix interference with the rFC/BET tests.

3 Replace by the MAT test as a release

QC = YES

• The most suitable alternatives have been 
identified, validated, or even submitted for 
approval

• Target: all approvals before 2025
• If specific authorities request RPT, it will be 

reintroduced for the region
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Will GSK abolish the RPT?
RPT use has been drastically reduced. An abolition in lifecycle is a realistic target

R&D = NO

• GSK always proposes in vitro test if applicable
This is not always accepted by all authorities

• If RPT is requested, GKS aims to have RPT as 
interim release test while proving equivalence 
or superiority of alternatives

2016 > 25 RPT
2022 <   5 RPT
2025 0 RPT

Exemplary benefits for a replacement
<0.1% animal, Ethics, Compliance
>10d reduced test time, 25-75k€ ingross gains

RPT use in vaccines

2016
2022
2025

~5%
~50%
100%

~95%
~50%

0%



While the BET is preferred by the user and widely accepted as a substitution method by Health 
authorities it is not always applicable.
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To avoid the use of RPT beyond lifecycle, harmonization is required
RPT is still considered as gold standard in certain regions beyond Europe, impacting abolition at R&D level

WHO Only states RPT (proposal has been drafted)

USA USP 151 – Validated and equivalent in vitro test may be used in place of RPT 
where appropriate

China MAT is included to be conducted in addition to RPT for guideline 9301: 
“Application of Safety Tests for Injection”

Rep. of Korea No mention of MAT making it an alternative method. 

Japan No mention of MAT making it an alternative method. Requires proving 
superiority in terms of accuracy and precision

India Considers MAT a suitable alternative test requires to show equivalence

Brazil Pyrogen test required. Expected to add MAT in their Pharmacopoeia

The regulatory landscape beyond Europe regarding acceptance of MAT
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To avoid the use of RPT beyond lifecycle, harmonization is required
RPT remains a gold standard in certain regions hindering its abolition in industry

• The Ph.Eur. is progressively allowing the use of non animal tests as an equal assay to 
RPT.

• Beyond Europe in vivo is usually the gold standard and in vitro assays are usually 
considered as alternative methods, requiring the user demonstrate for each product or 
process that the in vitro test is equal or superior.

• As manufacturer, both in vivo and in vitro assays must be validated and performed in 
parallel.

• An acceptance of MAT as equivalent to RPT beyond Europe would allow to abolish the 
RPT completely in development and limit the decision to whether BET or MAT is the 
most suitable for lifecycle testing.

The announced deletion of the RPT in the Ph.Eur. hopefully will start a deeper reflection in

other compendia's.   
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Thanks to all the partners in GSK and outside
Substituting animal testing is providing business benefits in terms of ethics, quality, speed and cost

Science
Compliance

Trust
Collaboration

Data driven evidence 
to show equivalence 
or superiority with NAT 
for critical attributes.

EU Directive 2010/63 
National Laws
Ph.Eur.
GSK Policy
Social Expectation

Build Trust with 
stakeholders and 
policymakers,
third-party advocacy 
groups and regulatory 
authorities

Industry, NGO and 
health authorities work 
together on the 
common goal 

Bill & Melinda 
Gates foundations felasa

EPAA

efpia

VAC2VAC

NC3R EDQM

IMI
IFPMA

aaalac

NIIMBL
NCL

IAABS


